Effect of Rev on the Intranuclear Localization of HIV-1 Unspliced RNA  by Favaro, Justin P. et al.
Effect of Rev on the Intranuclear Localization of HIV-1 Unspliced RNA
Justin P. Favaro, Keith T. Borg, Salvatore J. Arrigo, and Michael G. Schmidt1
Department of Microbiology and Immunology, Medical University of South Carolina, Charleston, South Carolina 29425–2230
Received April 17, 1998; returned to author for revision June 1, 1998; accepted June 26, 1998
Human immunodeficiency virus type 1 (HIV-1) Rev is a 19-kDa regulatory protein which binds to unspliced and
partially spliced HIV-1 RNAs. Export, splicing, stability, and translation of HIV-1 RNAs are influenced by Rev. To further
understand the effect of Rev on HIV-1 RNA splicing, the intranuclear localization of unspliced HIV-1 RNA and a cellular
splicing factor was examined in the presence and absence of Rev. Splicing component-35 (SC-35) is an essential SR
protein splicing factor which localizes into 20–40 nuclear granules (Fu, X. D., and Maniatis, T. Nature 343 (6257),
437–441, 1990). Laser scanning confocal microscopy was utilized to examine the colocalization of unspliced HIV-1 RNA
and SC-35-containing granules. In the presence of Rev, many of the SC-35-containing granules were colocalized on their
edges or completely colocalized with HIV-1 unspliced RNA speckles. In the absence of Rev, however, little colocalization
of the unspliced HIV-1 RNA speckles and the SC-35-containing granules was observed. Quantitative RT–PCR was
utilized to examine the effect of Rev on the level of fully spliced HIV-1 RNA. In the presence of Rev, a decrease in the
level of fully spliced HIV-1 RNA was observed. Thus both the intranuclear localization and posttranscriptional
processing of HIV-1 unspliced RNA are affected by Rev. © 1998 Academic Press
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INTRODUCTION
The majority of poly-adenylated cellular pre-mRNAs
must be completely spliced before being exported to the
cytoplasm (Green, 1986; Padgett et al., 1986). However,
unspliced and partially spliced RNAs expressed by HIV-1
bypass the requirements for splicing and move into the
cytoplasm to be translated or packaged into new virions.
Expression of these RNAs is dependent on the presence
of Rev, a 19-kDa HIV-1 regulatory protein (Feinberg et al.
1986; Sodroski et al., 1986; Felber et al., 1989). Rev binds
to a specific RNA binding site, the Rev response element
(RRE), located within the unspliced and partially spliced
HIV-1 RNAs (Daly et al., 1989; Felber et al., 1989; Perkins
et al., 1989; Zapp and Green, 1989; Cochrane et al., 1990;
Heaphy et al., 1990; Malim et al., 1990; Olsen et al.,
1990a,b), and functions via several mechanisms.
Rev has been shown to facilitate the cytoplasmic
accumulation of RRE-containing RNAs (Emerman et
al., 1989; Felber et al., 1989; Hammerskjold et al., 1989;
Malim et al., 1989a–c; Fischer et al., 1994, 1995). The
activation domain of Rev contains a nuclear export
signal (NES) (Fischer et al., 1995; Wen et al., 1995). and
interacts with proteins containing nucleoporin motifs
(Bogerd et al., 1995; Fritz et al., 1995; Stutz et al., 1995;
Fornerod et al., 1997). Nuclear export pathways for 5S
rRNA or U1 snRNA may be utilized by Rev to promote
the export of HIV-1 RNA (Fisher et al., 1995). Complete
dependence on Rev for the export of RRE-containing
RNAs has been demonstrated in several mammalian
and amphibian cell lines (Emerman et al., 1989; Ham-
marskjold et al., 1989; Cochrane et al., 1991; Fischer et
al., 1994; Malim et al., 1989a–c). However, cytoplasmic
accumulation of partially spliced HIV-1 RNAs occurs
both in the presence and absence of Rev in lymphoid
cell lines (Arrigo and Chen, 1991; Favaro and Arrigo,
1997). Cytoplasmic accumulation of RRE-containing
RNAs in the absence of REV is not restricted to lym-
phocytic cell lines. Several studies have also shown
this effect in both COS and HeLa cells (Cochrane et al.,
1991; Lawrence et al., 1991; Dagostino et al., 1992;
Huang and Carmichael, 1996; Kimura et al., 1996).
In addition to the positive effect of Rev on export of
HIV-1 RNAs, Rev is also important for regulation of HIV-1
RNA splicing (Felber et al., 1989; Hammarskjold et al.,
1989; Kjems et al., 1991; Kjems and Sharp, 1993). Rev-
dependent expression of HIV-1 envRNA is only observed
when env RNA is defined as an intron (Hammarskjold et
al., 1994). In addition, a study using an RRE-containing
b-globin RNA demonstrated that inefficient splicing of an
intron is important for Rev regulation (Chang and Sharp,
1989). Several other studies have examined the effect of
Rev on the level of HIV-1 RNA splicing. In the presence of
Rev, these studies have consistently demonstrated a
decrease in the level of fully spliced HIV-1 RNA (Arrigo et
al., 1989; Arrigo and Chen, 1991; Favaro and Arrigo, 1997).
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In both T and COS cells, this decrease in splicing in the
presence of Rev is not simply due to the enhancement of
export of unspliced HIV-1 RNA (Favaro and Arrigo, 1997).
Two in vitro studies have also shown the ability of a Rev
peptide to inhibit splicing (Kjemset al., 1991; Kjems and
Sharp, 1993).
Rev has also been shown to interact with cellular
splicing factors. Human protein p32, which associates
with the SR protein splicing factor SF1/ASF (Ge and
Manley, 1990; Krainer et al., 1991), has been shown to
interact with Rev (Tange et al., 1996). Additionally, inter-
action of SF2/ASF with the RRE is only observed in the
presence of Rev (Powell et al., 1997). Another member of
the SR protein super family of splicing factors, Splicing
component-35 (SC-35), is essential for in vitro splicing
reactions and for the formation of a functional spliceo-
somal complex. SC-35 localizes into 20–40 nuclear gran-
ules (Fu and Maniatis, 1990). In addition to SC-35, SF2/
ASF, snRNPs, and other proteins involved in splicing
localize to nuclear granules (Spector, 1993; Nickerson et
al., 1995; Clemson and Lawrence, 1996). In this study, the
intranuclear location and splicing of unspliced HIV-1
RNA was examined. An effect of Rev on both the colo-
calization of unspliced HIV-1 RNA was examined. An
effect of Rev on both the colocalization of unspliced
HIV-1 RNA with SC-35-containing granules and the level
of fully spliced HIV-1 RNA was observed.
RESULTS
Effect of Rev on the Localization of HIV-1 unspliced
RNA
Previous studies in our laboratory have examined the
effect of Rev on the localization of HIV-1 RNA by subcel-
lular fractionation and RT–PCR (Arrigo et al., 1989; Arrigo
and Chen, 1991; Favaro and Arrigo, 1997). In this study, in
situ RNA hybridization was used to more precisely local-
ize HIV-1 unspliced RNA. A human B cell line was trans-
fected with HIV-1 constructs which express all three
classes of HIV-1 RNA. The construct CSF-A expresses
wild-type Rev while RoSt-A contains a mutation which
results in the expression of a nonfunctional Rev protein
(Campbell et al., 1996). Approximately 15 h after trans-
fection, the cells were cytospun onto slides and fixed.
A DNA probe corresponding to the sequences be-
tween 789 and 2009 within CSF-A and RoSt-A was used
for in situ RNA hybridization analysis. These sequences
are completely contained within the first intronic region
of HIV-1; therefore, this probe will only hybridize to un-
spliced HIV-1 RNA. The fixed cells were incubated first
with a biotinylated form of the probe and then with
Strept-Avidin-Texas Red. The cells were examined for
Texas red signal using a laser scanning confocal micro-
scope. Over 100 cells from three separate transfections
were examined for each construct.
Images showing the distribution of HIV-1 unspliced
RNA signal in the presence of wild-type or mutant Rev
are presented (Fig. 1). In Fig. 1A, the distribution of
unspliced HIV-1 RNA signal in the presence of Rev is
shown. The majority of the unspliced HIV-1 RNA signal
was localized into nuclear speckles. In addition, a diffuse
signal was observed throughout the cytoplasm. Signal
was not seen in the nucleoli of any cells. In the absence
of Rev (Fig. 1B), all of the unspliced RNA signal was
found within the nucleus. Much of the signal was local-
ized to nuclear speckles. Some diffuse signal was ob-
served in other areas of the nucleoplasm. Signal was not
observed in the nucleolus or the cytoplasm. A similar
pattern of HIV-1 RNA distribution was observed in hun-
dreds of cells over four separate transfections.
To ensure that the observed signal was derived from
RNA, cells transfected with the wild-type or mutant Rev
constructs were treated with 0.2 N NaOH to degrade
RNA prior to in situ RNA hybridization. Specific RNA
signal was not detected either in the presence of ab-
sence of Rev after treatment with 0.2 N NaOH (data not
shown). In addition, a control was performed to deter-
mine whether the in situ signal was specific for HIV-1
transcripts. In each experiments, in situ RNA hybridiza-
tion was performed on mock-transfected cells. As shown
in Fig. 2, signal was not observed in any of these cells.
Signal was also not observed in the untransfected cells
shown in Fig. 1.
Effect of Rev on colocalization of HIV-1 unspliced
RNA and SC-35-containing granules
The presence of cis-acting repressor sequences (CRS)
within HIV-1 constructs have been shown to affect intranu-
clear localization of HIV-1 RNA (Berthold and Maldarelli,
1996). CRS elements can be found within both intronic
regions of HIV-1 unspliced RNA and are necessary for
Rev-dependent expression (Dayton, 1996). Deletion of a
cis-acting repressor sequence (CRS) from an HIV-1 gag
construct resulted in colocalization of gagRNA with SC-35-
containing granules (Berthold and Maldarelli, 1996). Our
study examined whether the presence or absence of Rev,
like these CRS elements, could affect the colocalization of
HIV-1 RNA with SC-35-containing granules.
Cells transfected with either CSF-A (wild-type Rev) or
RoSt-A (mutant Rev) were harvested 15 h after transfection,
cytospun onto slides, and fixed. A biotinylated probe spe-
cific for unspliced HIV-1 RNA was used to perform in situ
RNA hybridization; the unspliced RNA signal was detected
using Strept-Avidin-Texas red. Immunofluorescence was
then performed on these same cells using a monoclonal
antibody specific for SC-35. The immunofluorescence sig-
nal was detected using secondary antibodies conjugated
to FITC. The cells were optically sectioned using laser
scanning confocal microscopy. Individual optical sections
were examined for localization of both HIV-1 unspliced RNA
and SC-35-containing granules.
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The localization of unspliced HIV-1 RNA and SC-35
was examined within the nucleus of a cell transfected
with the wild-type Rev construct (Fig. 3). The unspliced
HIV-1 RNA signal (false colored red) is shown in Fig. 3A.
Six to eight areas of high-intensity unspliced HIV-1 RNA
signal (speckles) were observed within the nucleus in
the presence of Rev. In addition, a low level of unspliced
HIV-1 RNA signal was seen in the cytoplasm. The SC-35
signal (false colored green) for the same optical section
of this cell is shown in Fig. 3B. There were four to five
areas of high-intensity SC-35 signal (granules) within the
nucleus. The SC-35-containing granules were in the
same regions of the nucleus as the unspliced HIV-1 RNA
speckles. The similarity of the staining patterns of un-
spliced HIV-1 RNA and the SC-35-containing granules
was evident. When the two images were overlaid (Fig.
3C), four of the SC-35-containing granules were colocal-
ized on their edges or completely colocalized with un-
spliced HIV-1 RNA speckles. The overlap of HIV-1 un-
spliced RNA (red) and SC-35-containing granules (green)
FIG. 1. Unspliced HIV-1 RNA localization in the presence of wild-type or mutant Rev. Cells transfected with the wild-type or mutant Rev construct
were cytospun and fixed onto slides; in situ RNA hybridization was performed using a probe specific for unspliced HIV-1 RNA. A laser scanning
confocal microscope was used to optically section each cell. (A) wild-type Rev. The image on the left is the transmission signal of a cell transfected
with the wild-type Rev construct. The RNA signal from the same cell is seen on the right. (B) Mutant Rev. The image on the left is the transmission
signal of a cell transfected with the mutant Rev construct. The RNA signal from that same cells is seen on the right. Size bar, 30 mm.
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is indicated by yellow signal. The transmission image is
shown in Fig. 3D. A similar pattern was observed in the
overlaid images of 40 different cells taken from two
separate transfections. An additional overlaid image
taken from each transfection is shown in Fig 5A.
The localization of unspliced HIV-1 RNA and SC-35-
containing granules was also examined within the nu-
cleus of a cell transfected with the mutant Rev construct
(Fig. 4). The unspliced RNA signal (false colored red) is
shown in Fig. 4A. Six to seven areas of high-intensity
unspliced HIV-1 RNA signal (speckles) were observed
within the nucleus in the absence of Rev. Signal was not
observed in the nucleolus (visible in the lower half of the
nucleus in Fig. 4D) nor in the cytoplasm in the absence
of Rev. The SC-35 signal (false colored green) for the
same optical section of this cell is shown in Fig. 4B.
There were four to six areas of high-intensity SC-35
signal (granules) within the nucleus. Cytoplasmic and
nucleolar staining were not observed The patterns of
SC-35 and unspliced HIV-1 RNA staining were different.
When the two images were overlaid (Fig. 4C), little colo-
calization of HIV-1 unspliced RNA and SC-35-containing
granules was observed. Almost all of the SC-35-contain-
ing granules localized to areas of the nucleus which did
not contain unspliced HIV-1 RNA signal. Similar staining
patterns were observed in all of the optical sections
taken from this cell. The transmission image is shown in
Fig. 4D. A similar pattern was observed in the overlaid
images of 40 different cells taken from two separate
transfections. An additional overlaid image taken from
each transfection is shown in Fig. 5B.
Effect of Rev on the level of fully spliced RNA
Quantitative RT–PCR affords an opportunity to ex-
amine the effect of Rev on the levels of fully spliced
HIV-1 RNA. Previous results using different cell types
or HIV-1 constructs have shown a decrease in the
level of fully spliced HIV-1 RNA in the presence of Rev
(Arrigo et al., 1989; Arrigo and Chen, 1991; Favaro and
Arrigo, 1997). To confirm those results in this system,
the effect of Rev on the level of fully spliced HIV-1 RNA
was determined. Appropriately 15 h after transfection,
the cells were fractionated into two cytoplasmic frac-
tions (cyto1 and cyto2) and a nuclear fraction as pre-
viously described (Favaro and Arrigo, 1997). RNA was
isolated from each of these fractions, and quantitative
RT–PCR was performed on cell equivalents of RNA
from each fraction. An oligonucleotide primer pair spe-
cific for fully spliced HIV-1 RNA was used. In the
presence of Rev, a decrease in the level of fully
spliced RNA was observed in the cytoplasmic frac-
tions (Fig. 6).
DISCUSSION
In this report, an effect of Rev on the colocalization
of unspliced HIV-1 RNA with SC-35-containing gran-
ules was observed. In the absence of Rev, little colo-
calization of unspliced HIV-1 RNA and SC-35-contain-
ing granules was observed. In agreement with these
findings, a separate study demonstrated that HIV-1
tatRNA did not colocalize with SC-35-containing gran-
ules in the absence of Rev (Zhang et al., 1996). How-
ever, in our study, colocalization of unspliced HIV-1
RNA and SC-35-containing granules was observed in
the presence of Rev. Many of the SC-35-containing
granules within the nuclei were colocalized on their
edges or completely colocalized with unspliced HIV-1
RNA speckles. Interestingly, in two previous reports,
little colocalization of intron-containing HIV-1 RNA with
SC-35-containing granules was observed in either the
FIG. 2. Control for HIV-1-dependent signal. Mock transfected cells were cytospun and fixed onto slides. Next, in situ RNA hybridization was
performed using the probe specific for unspliced HIV-1 RNA. A laser scanning confocal microscope was used to create optical sections. Size bar,
100 mm.
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presence of absence of Rev (Berthold and Maldarelli,
1996; Bøe et al., 1998). Each of these studies utilized
different cell types and cellular fixation protocols. Con-
sequently, these differences in experimental systems
may explain the discrepancy in results.
The function of the SC-35-containing granules is an
FIG. 3. Localization of unspliced HIV-1 RNA and SC-35-containing granules in the presence of wild-type Rev. Cells transfected with the wild-type
Rev construct were cytospun and fixed onto slides; in situ RNA hybridization was performed using a probe specific for unspliced HIV-1 RNA. The RNA
signal was detected with Texas red. Immunofluorescence was then performed using an anti-SC-35 monoclonal antibody. The SC-35 signal was
detected with FITC. Laser scanning confocal microscopy was used to optically section each cell. (A) Unspliced HIV-1 RNA signal (false colored red).
(B) SC-35 signal (false colored green). (C) Overlay of HIV-1 RNA signal (red) and SC-35 signal (green). Areas of colocalization is indicated by yellow
staining. (D) Transmission image. Size bar, 10 mm.
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FIG. 4. Localization of unspliced HIV-1 RNA and SC-35-containing granules in the presence of mutant Rev. Cells transfected with the mutant Rev
construct were cytospun and fixed onto slides; in situ RNA hybridization was performed using a probe specific for unspliced HIV-1 RNA. The unspliced
HIV-1 RNA signal was detected with Texas red. Immunofluorescence was then performed using a probe specific for unspliced HIV-1 RNA. The
unspliced HIV-1 RNA signal was detected with Texas red. Immunofluorescence was then performed using an anti-SC-35 monoclonal antibody. The
SC-35 signal was detected with FITC. Laser scanning confocal microscopy was used to optically section each cell. (A) Unspliced HIV-1 RNA signal
(false colored red) (B) SC-35 signal (false colored green). (C) Overlay of HIV-1 unspliced RNA signal (red) and SC-35 signal (green). (D) Transmission
image. Size bar, 10 mm.
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intensely studied area of cellular biology. Several stud-
ies have shown that newly transcribed cellular RNAs,
and a low level of splicing factors such as SC-35,
localize onto perichromatin fibrils, which are nuclear
structural elements on the periphery of the SC-35-
containing interchromatin granules (Bachellerie et al.,
1975; Fakan, 1994; Fakan and Puvion, 1980; Huang and
Spector, 1996). Thus SC-35-containing granules may
function as storage sites for splicing factors, which are
released to the perichromatin fibrils and splice newly
synthesized RNA. Recent studies using live cells have
shown that splicing factors shuttle between the gran-
ules and areas of transcription (Misteli et al., 1997).
Other studies in adenoviral-infected cells have also
shown the dynamic nature of SC-35-containing gran-
ules (Jimenez-Garcia and Spector, 1993; Huang and
Spector, 1996).
In our study, the RT–PCR data support the hypo-
FIG. 5. Localization of unspliced HIV-1 RNA and SC-35-containing granules in the presence of wild-type or mutant Rev. Experiments were performed
as in Figs. 3 and 4. (A) Wild-type Rev. Cells from two separate transfections with the wild-type Rev construct were examined for colocalization of
unspliced HIV-1 RNA and SC-35-containing granules. (B) Mutant Rev. Cells from two separate transfections with the mutant Rev construct were
examined for colocalization of unspliced HIV-1 RNA and SC-35-containing granules. Size bar, 10 mm.
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thesis that completion of the splicing pathway is less
efficient in the presence of Rev. Previous in vitro
studies suggest that Rev interrupts the splicing path-
way after the binding of U1 snRNP to the RNA (Kjems
et al., 1991; Kjems and Sharp, 1993). Thus splicing
factors and snRNPs may move out from the granules
and accumulate onto the unspliced HIV-1 RNA as
interrupted splicing complexes in the presence of Rev.
This accumulation could lead to the colocalization
observed in our experiments. In the absence of Rev,
the splicing factors may be released from the gran-
ules, splice the RNA, and then be recruited back into
the speckles. Thus more efficient splicing in the ab-
sence of Rev could lead to a decrease in the colocal-
ization of unspliced HIV-1 RNA and the SC-35-
containing granules.
This study has demonstrated that in certain areas of
the nucleus, concentrated regions of unspliced HIV-1
RNA overlap with SC-35-containing granules. In addition
to SC-35, other essential splicing factors, spliceosomal
particles, and helicase proteins have been shown to
localize into the SC-35-containing granules (Company et
al., 1991; Kramer, 1996; Molnar et al., 1997). Thus several
different cellular proteins may be interacting with Rev
and/or unspliced HIV-1 RNA in these areas of colocal-
ization. Future studies are required to determine which
interactions within the nucleus are necessary for Rev
function.
MATERIALS AND METHODS
Constructs, transfections, cell culture
The human 729 B cell line was maintained in Iscoves
medium with 10% fetal calf serum. B cells (2 3 107) were
electroporated with 100 mg of the noninfectious HIV-1
constructs CSF-A (wild-type Rev) or RoSt-A (mutant Rev)
as previously described (Arrigo et al., 1989; Campbell et
al., 1996; Favaro and Arrigo, 1997). Both constructs con-
tain the HIV-1 LTR promoter. Cells were harvested 15 h
after transfection.
In situ RNA hybridization and laser scanning confocal
microscopy
Harvested cells were cytospun onto glass slides
coated with 1% BSA (McGahon et al., 1995). The cells
were fixed with Streck Tissue Fixative (as a substitute
for 4% Paraformaldehyde) for 10 min, washed, and
stored in 70% EtOH. Streck Tissue Fixative contains
diazolidinyl urea, 2-bromo-2-nitropropane-1, 3-diol,
zinc sulfate, and sodium citrate. This cytospin and
fixation protocol was most ideal for preserving cellular
architecture and size while still allowing for high levels
of RNA and protein signal. The remaining in situ RNA
hybridization protocol was adopted from published
studies performed by Bertholds and Maldarelli (1996)
and Johnson and co-workers (1991). A DNA probe
designed to detect unspliced HIV-1 RNA was made by
PCR-amplifying a fragment from 789 to 2009 within
pYKJRCSF, the parental construct for CSF-A and
RoSt-A. Biotin was incorporated into the fragment by
nick translation using BioNick labeling system from
Gibco BRL. The nick-translated product was precipi-
tated with ethanol and resuspended in formamide, 1
mg/ml yeast tRNA, and 5 mg/ml boiled sheared salmon
sperm DNA. The probe was mixed 1:1 with hybridiza-
tion buffer [1 part 20 3 SSC (3 M sodium chloride and
0.3 M sodium citrate), 1 part 2% BSA-nuclease free
(Boehringer Mannheim), 1 part 2 mM vanadyl riboside
complexes (Gibco-BRL), 2 parts 50% dextran sulfate),
and 15 ml of the mixture was placed on the spot of
cells and incubated overnight in a humidified chamber
at 37°C. Slides were then sequentially washed in 23
SSC/50% formamide, 23 SSC, 13 SSC, and then in-
cubated at 37°C in a humidified chamber with Texas
red-conjugated streptavidin (Gibco-BRL) diluted 1:250
in 43 SSC. The slides were washed with 43 SSC and
a coverslip applied (Johnson et al., 1991; Berthold and
Maldaralli, 1996). Cells were examined using a laser
scanning confocal microscope (Biorad) equipped with
a krypton/argon laser. The cells were optically sec-
FIG. 6. Effect of Rev on the level of fully spliced HIV-1 RNA. Cells transfected with the wild-type or mutant Rev construct were fractionated into cyto
1, cyto 2, and nuclear fractions. Quantitative RT–PCR was performed on cell equivalents of RNA from each fraction. An oligonucleotide pair specific
for fully spliced HIV-1 RNA was utilized. The presence of wild-type Rev is indicated by 1 and mutant Rev by 2 in each fraction. Threefold dilutions
of RNA from transfected cells were used to demonstrate the quantitative nature of the RT–PCR analysis.
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tioned. The transmission images were detected using
laser excitation wavelengths of 488, 568, and 647 nm.
The unspliced HIV-1 RNA Texas red signal was de-
tected using an excitation wavelength of 568 nm and
an emissions of 605 nm. The SC-35 FITC signal was
detected using an excitation wavelength of 488 nm
and emissions of 522 nm.
NaOH controls
Cells transfected with the wild type or mutant Rev
constructs were fixed onto glass slides as described
above and treated with 0.2 N NaOH in 70% EtOH for 10
min (Johnson et al., 1991). Next, in situ RNA hybridiza-
tion using the unspliced HIV-1 RNA probe was per-
formed and the cells were examined using laser scan-
ning confocal microscopy (Biorad) as described
above.
Colocalization studies
A probe specific for unspliced HIV-1 RNA was used
to perform in situ RNA hybridization on cells trans-
fected with the wild-type or mutant Rev construct. After
the last 43 SSC wash, the cells were covered with 50
ml of anti-SC-35 antibody (undiluted-supernatant from
mouse monoclonal cell line) (gift of Frank Maldarelli at
the National Institutes of Health) (Fu and Maniatis,
1990) and incubated at 37°C. The cells were then
incubated with a 1:20 dilution of FITC-conjugated sec-
ondary antibody to mouse IgG (no cross to human)
(ICN, Cappel) at 37°C. The cells were examined by
laser scanning confocal microscopy as described
above. The Texas red channel was used to detect the
unspliced HIV-1 RNA signal, and the FITC channel was
used to detect SC-35 signal.
Image analysis
A laser scanning confocal microscope (BioRad) was
used to optically section each cell. All of the images
represent a single optical section. In Figs. 3–5, the
unspliced RNA signal was false colored red, and the
SC-35 signal was false colored green in Adobe Pho-
toshop. Overlaid images were also created using
Adobe Photoshop. Any overlap of the two signals ap-
pears yellow.
RNA isolation and analysis
Cells transfected with the wild-type Rev or mutant Rev
construct were harvested 15 h after transfection. The
cells were then fractionated using the three-step frac-
tionation protocol previously described (Favaro and Ar-
rigo, 1997). The cells were initially lysed using 0.05%
NP-40 lysis buffer (cyto 1). The cyto 2 fraction was cre-
ated using 0.65% NP-40 lysis buffer. The nuclear fraction
was resuspended in 0.65% NP-40 lysis buffer. RNA was
isolated from each fraction. The oligonucleotide primer
pair LA45/LA41 will detect splicing from the tat/rev splice
donor and the tat/rev splice acceptor. The sense primer,
LA45, was radiolabelled and quantitative RT–PCR was
performed for 20 cycles using cell equivalents (Arrigo et
al., 1989; Campbell et al., 1996). Threefold dilutions of
RNA from transfected cells were used to demonstrate
the quantitative nature of the RT–PCR analysis. The PCR
products were run on a 6% acrylamide gel and detected
by autoradiography.
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